In this study, a food intake questionnaire method having 35 food items evaluating the ability of mastication for complete denture wearers was modified to one having 25 food items. The calculation of the masticatory score formula, indicating the masticatory ability of the individual patient, was improved. The validity and reliability of the food intake questionnaire method having 25 food items were discussed and verified.
Introduction
Epidemiological surveys in recent years have revealed the close relationship between the state of oral health and Quality of Life (QOL). [1] [2] [3] [4] Osterberg et al reported that dental impairment was significantly associated with a lower capacity for cognition, sight, hearing, lung volume, heart volume, muscle strength and bone mineral content, as well as self-assessment of health. 5 The number of elderly persons in developed countries has been steadily increasing in recent years. Tooth loss is a typical age-related stomatognathic change, and it has been suggested that dental disease and masticatory ability of the elderly are closely related with many physiologic functions, including blood pressure, 6 regional cerebral blood flow, 7 and overall health of the entire body. 8 To perform these studies, it is essential for denture wearers to be accurately and easily evaluated for masticatory function. Moreover, to judge the con-tribution of prosthodontic treatments for edentulous patients, it is necessary to establish the evaluating method of masticatory ability. Many methods for the evaluation of masticatory function have been developed and used for research study. However, many of these methods need special devices or specially designed test foods.
9-12
A food intake questionnaire method for evaluating the ability of mastication in complete denture wearers as a screening test was previously developed by the authors. The questionnaire method with 35 food items has been effective in some research studies. 4, 13 In addition to this, Yamamoto and Sato et al have reported about the necessity and usefulness of the food intake questionnaire method.
14,15
The purpose of this study was to reduce the number of food items for ease of use, and to eliminate the influence of food preferences (likes and/or dislikes) on an earlier version of the food intake questionnaire method for evaluating the ability of mastication in complete denture wearers which had been previously developed by the authors. In this study, a new questionnaire method was developed and verified.
Materials and methods

Subjects
Two hundred and sixty two complete denture wearers (average age: 76.7±6.1 years old, male: 128 persons, female: 134 persons) were selected as subjects who visited attached dental hospitals of 6 universities' dental schools in Japan. The experiments were performed with informed consent.
Food intake questionnaire
A thirty-five food item list previously reported by us was used to develop a new food intake questionnaire method. 13 The outline of our food intake questionnaire method was as follows. All subjects were asked to assign each food item a mark according to one of five categories (easily eaten, eaten with difficulty, cannot be eaten, do not eat because of dislike, have not eaten since starting to wear dentures) ( Table 1) . To calculate the masticatory score (MS) indicating the ability of mastication, the category "easily eaten" was given 2 points, "eaten with difficulty" was given 1 point, "cannot be eaten", "do not eat because of dislike" and "have not eaten since starting to wear dentures" were given 0 points, respectively. Also, the 35 food items were classified into five grades of masticatory difficulty, and the food intake rate of complete denture wearers was represented 13 ( Table 2 ). To represent the ability of mastication using the questionnaire, masticatory score (MS) was calculated as follows 13 (Table 2 ). After the sum for the five categories had been calculated by multiplying the total points by the difficulty rate of each category, the percentage of this value of the maximum possible total was represented as MS. The maximum possible value was 111.4 points because the sum of the difficulty ratio was 7.96 (1.00+1.14+1.30+1.52+3.00) and the total point value was 14 points (2 points×7 foods). In order to reduce the total number of food items from 35 down to 30 and then from 25 to 20, we Notice: konnyaku = a paste made from the starch of the devil's tongue plant; taro = Japanese taro potato; takuwan = harder to masticate than pickled radish; kombu = tangle weed; trepang = sea cucumber discussed eliminating the top 2 and top 3 foods in the categories of r (dislike) or □ (no experience) in each grade of masticatory difficulty. The masticatory scores (MS) in each of the above mentioned situations were calculated, and the relationship between the original MS (35 foods) and modified MS (30, 25 or 20 foods: MS30, MS25, MS20) was analyzed by correlation coefficient (Table 2) . Moreover, to reduce the number of food items for ease of use and to eliminate the influence of food preferences, a new calculating formula was discussed and represented as new masticatory score (N-MS).
Sieving method
The masticatory performance (MP) was evaluated by a sieving method. Each subject was instructed to masticate 3 grams of peanuts 20 times on their habitual chewing side and all particles were then collected in a cup. This trial was repeated 3 times and all particles were sieved by a 5-, 10-, 20-and 40-mesh sieve. The volume on each sieve was measured in a centrifuge tube after centrifugation for 3 minutes at 1,500 rpm. 14 The MP was calculated using the percentage of particles which passed through the 5-mesh sieve.
13
Statistical analysis
Statistical analysis of the difference among 6 dental schools was performed by one-way analysis of variance and Sheffé test (SPSS ® for Windows 13.0, SPSS Inc.).
A correlation among parameters was performed by simple linear regression analysis (SPSS ® for Windows 13.0, SPSS Inc.). Statistical analysis of the validity and reliability of each item in the questionnaire was performed by the factor and reliability analysis (SPSS for Windows 13.0, SPSS Inc.).
Results
There were no statistically significant differences in the average age and the mean point value in each food item among subjects of 6 dental schools.
The food intake rate of each food is represented in Table 3 . The answer rate of r (do not eat because of dislike) and □ (have not eaten since starting to wear dentures) were also represented in Table 3 . As shown in Table 3 , "sliced raw tuna" and "pudding" showed the highest answer rate of r or □ (2.3 %) in "difficulty grade I". In "difficulty grade V", the highest and the 2nd highest answer rate of r or □ were "jellyfish" (21.8 %) and "raw trepang (sea cucumber)" (21.4 %).
The correlation coefficient between the original MS and modified MS (MS30) when the highest food was excluded was 0.96. The correlation coefficient between the original MS and modified MS (MS25) when the top 2 foods were excluded was 0.96. The correlation coefficient between the original MS and modified MS (MS20) when the top 3 foods were excluded was 0.92. The food intake rate and difficulty ratio were recalculated because the number of food items was reduced from 35 to 25. Moreover, to eliminate the influence of food preferences, an average point value in each grade of masticatory difficulty was used instead of the total point value (as was used in our previous method) to calculate the new masticatory score (N-MS) ( Table 4) .
Factor and reliability analysis were performed to confirm the validity and reliability of the questionnaire with 25 food items. Five factors were obtained by factor analysis with Varimax rotation. The rotated component matrix and loading level in each component are represented in Table  5 . In the questionnaire with 5 factors composed of 25 food items, the reliability coefficient (Cronbach's α) was 0.939.
The relationship between MS and N-MS was represented in Figure 1 . There was a significant correlation between MS and N-MS (r=0.95, P<0.01).
The relationship between MP using the sieving method and MS, MP and N-MS are represented in Figure 2 Table 3 Food intake rate and answer rate of "r" or "□ " in each food.
Difficulty Grade Food (intake ratio, answer rate of "r" or "□") (%) 
Discussion
The questionnaire method is a useful evaluating method because it doesn't need special apparatus and can be used in a lot of situations. However, because this is a subjective method, if the questionnaire items are not examined closely, reliable results cannot be obtained. In this research, the questionnaire method, to which masticatory ability was able to be effectively evaluated, was examined based on its advantages and faults. In a questionnaire assessment of how to treat answers such as, "do not eat because of dislike" or "have not eaten since starting to wear dentures," good results are difficult to obtain. A zero point value was given to "dislike" as well as "no experience" in the previous method. There seems to be a marked discrepancy between the former and the latter. Moreover, everyone has his or her own taste. If a person has no trouble in mastication, but has many foods which are disliked, the subject will be judged as poor in masticatory function as determined by the questionnaire method. Then, we discussed a ratio of "like" and "dislike" in the 35 food items. Additionally, a reduction of the total number of food items in the questionnaire was discussed. From the result of analyzing the correlation coefficient, we determined to exclude the top 2 foods according to the ratio of "dislike" or "no experience" in each grade of masticatory difficulty (Table 3) . Consequently, 10 food items in total were excluded -2 items for each grade of masticatory difficulty. As a result, the food intake rate and the difficulty ratio of the 25 food item list were recalculated in each grade of masticatory difficulty (Table 4) .
Reliability and factor analysis were performed for the questionnaire with five grades composed of 25 food items. Five factors were obtained from factor analysis. It was possible to name the "hardness factor", the "fibrous factor", the "slippery factor", the "sticky factor" and the "other factor" (Table 5 ). Their loading levels were 21.0, 16.5, 13.1, 10.0 and 6.2 %, respectively. The total loading level in the 5 factors was 66.7%. For the loading level, component 1 (hardness factor) is the highest component. This means that hardness of food is the most important factor affecting food intake, for example, raw abalone. For component 2 (fibrous factor), this component composed of fiber rich foods which are difficult to cut off such as boiled cabbage. For component 3 (slippery factor), this component composed of slippery foods which slipped off the occlusal surface, for example, fish paste patty or konnyaku. For component 4 (sticky factor), this component composed of sticky foods which stick to the denture base, for example, bananas. Wayler et al reported that texture acceptability was more integrally related to perceived mastication ease than taste acceptability. 16 This factor analysis suggested that the hardness of foods was the most important factor in masticatory function and there were many factors affecting masticatory ability. Therefore, the use of a single food item such as peanuts seemed to be undesirable to best evaluate masticatory function. In the study, 4.0 % of the subjects filled out r (do not eat because of dislike) or □ (have not eaten since starting to wear dentures) in the case of peanuts. When only peanuts are used as a test food, there is a possibility that evaluation is not accurate. In consideration of this view point, it seems that our newly revised food intake questionnaire method is adequate. In the reliability analysis, Cronbach's α 17 was 0.939. It was suggested that the reliability in this questionnaire was confirmed. Cronbach's α is a measurement of reliability. Mathematically, reliability is defined as the proportion of the variability in the responses to the survey that is the result of differences in the respondents. Therefore, answers to a reliable survey will differ because respondents have different opinions, not because the survey is confusing or has multiple interpretations. The computation of Cronbach's α is based on the number of items in the survey and the ratio of the average inter-item covariance to the average item varience.
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In the previous method, MS is calculated by the sum of a given score in each grade (Table 2) . For example, when "2 points" was marked on 3 foods and r was marked on 2 foods in a Difficulty grade, the total point value of the grade becomes 6 points. In this case, full marks will be 10 points (5 foods×2 points). Therefore, the Food intake ratio becomes 60 %. On the other hand, in the new method, a food marked r (do not eat because of dislike) and a food marked □ (have not eaten since starting to wear dentures) were excluded, and the average point value of the number of remaining foods becomes the total point value of each grade (Table 4) . Therefore, the Food intake ratio becomes 100% in this case. Our new calculating method is considered to be more adequate because the food marked r or □ has no real connection with masticatory ability. As a result, we determined to adopt the mean point value for calculation of N-MS. The Food intake rate and Difficulty ratio of each grade were recalculated because the total number of food items was reduced from 35 to 25 and the mean point value was adopted as the point of each grade of difficulty.
As shown in Figure1, the correlation coefficient between MS and N-MS was 0.95. This result means that the reduction of food items in the questionnaire did not affect masticatory evaluation. As shown in Figure 2 and 3, the correlation coefficient between MP and MS was 0.61, MP and N-MS was 0.62. This result suggests that the new food intake questionnaire method for evaluation of masticatory ability in complete denture wearers is a subjective method which is represented by a high correlation with objective evaluation.
Conclusion
It was confirmed that the new food intake questionnaire method with a revised 25 food item list was both valid and reliable.
